Polyene macrolide antibiotics have been used for many years in the treatment of systemic mycoses and more recently have been found to be active in the therapy of benign prostatic hypertrophy (5, 7, 14) and in reducing serum cholesterol levels (22) .
Polyene macrolide antibiotics, as most other secondary metabolites, are produced as mixtures of chemically related components. Chemical differences between components are usually minor. Single components of several polyene complexes differ by no more than a methyl or a hydroxyl group in the macrocyclic lactone ring (2, 16, 19, 28) . The small structural differences among the components of polyene complexes result in differences in toxicity, chemotherapeutic activity, stability (25, 27) , antifungal activity (2), sterol binding, and hemolytic activity, and in the ability to disrupt liposomes (24) .
Candihexin is a new hexaene macrolide antifungal antibiotic isolated in our laboratory from Streptomyces viridoflavus IMRU 3961, a spontaneous mutant of the candidin producer S. viridoflavus IMRU 3685 (26) . We have reported previously that the hexaene candihexin complex can be resolved into two component fractions, candihexins I and II, by solvent frac- ' tionation and partition column chromatography on silicic acid (10) . The two fractions differ in their antifungal activities. Subsequent studies revealed that both candihexins I and II are in fact mixtures of components. We report here the separation, purification, and physicochemical and biological properties of the single componnents of the candihexin complex.
MATERIALS AND METHODS Sources and assay of candihexin complex. The candihexin complex was obtained by fermentation as described previously (9) . The purification and column fractionation of candihexin complex were as previously reported (10) . Assays of candihexin complex and candihexin single components were performed spectrophotometrically in methanol in a Cary 14 M spectrophotometer. Candihexin concentrations were calculated on the basis of El/,%, = 1,000 for the pure polyene macrolide.
Resolution and densitometric quantitation of the single components. The candihexin complex was resolved into single components on precoated 250-,um Silica Gel G plates (Analtech Inc.) scored in 1-cmwide strips using the lower phase of solvent system I (chloroform-methanol-20% ammonium hydroxide, 2:2:1, vol/vol/vol). Components were visualized under ultraviolet (UV) by vapor iodine, or by charring the plate with ethanolic sulfuric acid. Quantitation of the components was carried out on unsprayed plates by in situ transmission thin-layer spectrodensitometry at 345 nm with a Schoeffel SD-3000 double-beam densi-CANDIHEXIN POLYENE MACROLIDE COMPLEX 201 tometer equipped with a SDC-300 density computerrecorder (Schoeffel Instruments Corp.) as described in detail elsewhere (11) .
Separation and purification of candihexins A, B, E, and F. Single candihexin components were isolated from candihexin I and II fractions or from counter-current distribution fractions (10) . Chloroform-methanol-filtered solutions of these fractions were applied to preparative precoated Silica Gel G plates (1,000 gim) and developed in the chloroformmethanol-20% ammonium hydroxide solvent system. Bands containing polyene components, visualized under UV, were scraped off and the components were eluted with methanol or chloroform-methanol-borate buffer (0.025 M, pH 8.3, 2:2:1, vol/vol/vol) lower phase. The extracts were rechromatographed to complete purity as indicated by a single peak in the densitometer scanning. Final extracts were filtered, partitioned in butanol-water Hydrolysis of candihexin components for detection of aromatic moieties. Two milligrams of each candihexin component and also of candicidin and perimycin (as standards for p-aminoacetophenone and N-methyl-p-aminoacetophenone, respectively) were hydrolyzed with 0.5 ml of 2.5 N NaOH on a steam bath for 10 min. The cold mixture was extracted twice with 0.5 ml of chloroform and the combined extracts were washed with distilled water. The extracts were chromatographed on fluorescent Silicar 7 GF thin-layer plates (Mallinckrodt) with benzene-acetone (4:1, vol/vol) as a solvent system. pAminoacetophenone (R, = 0.55) and N-methyl-paminoacetophenone (R, = 0.68) were detected under UV and visualized (red spots) with 0.2% NaNO2 in 0.1 N HCl and 2-naphthol (diazocoupling reaction).
Assay of antifungal activity of single candihexin components. Agar dilution tests for antifungal activity were carried out as described by Lechevalier et al. (8) . Stock solutions were prepared in dimethyl sulfoxide at the levels of 0.5 mg/ml (candihexins A and B) and 5 mg/ml (candihexins E and F). Further dilutions were made in water. Bioautography studies were carried out after separation of the components on thin-layer chromatograms by overlayering the plates with Saccharomyces cerevisiae seeded agar. Plates were held for 6 h at 4 C for antibiotic diffusion and then incubated for 36 h at 28 C.
RESULTS
Composition of the candihexin complex. The candihexin complex was resolved into at least six hexaene components with R, values of 0.26, 0.29, 0.32, 0.36, 0.39, and 0.43. Hereafter they will be designated as candihexins A, B, C, D, E, and F. Traces of two other heptaene components were detected by counter-current distribution studies (10) . Figure 1 shows a comparative densitometric scan of the components of the candihexin complex with those of the candidin complex, the product of the parent strain.
Composition of candihexin I and candihexin II fractions. Previously described candihexin I and II fractions, separated by silicic acid column chromatography, were found to be mixtures of single components (Fig. 2) . Candihexin I, the acetone insoluble highly active (Fig. 3) .
The UV-visible absorption spectra of all single components showed absorption bands with peaks at 379, 357, 340, and 323 nm in methanol (Fig. 4) . The sharp fine structure of the spectra, in which the longest wavelength peak had the highest absorption, and the characteristic peak spacing of hexaenes indicated a disubstituted all-trans hexaene chromophore in all the components (15) . These spectra are similar to that of the candihexin complex but differ from it in lacking the small peak at 405 nm (due to traces of heptaene) which appears in the candihexin complex. The ratio of extinction of the different components at the wavelength of the absorption peaks is indicated in Table 2 . Both candihexins E and F showed a higher ratio of short to long wavelength absorption peaks.
The infrared spectra of candihexins A, B, E, and F (Fig. 5) showed the presence of several hydroxyl groups (strong bands at 3,400 cm-' and 1,070 cm-') and the CH2 stretch (2,940 cm-l) in all the components. A distinct band at 1,715 cm-' due to the carbonyl group of the lactone group indicated the macrolide nature of all the components and excluded a conjugation of the carbonyl group to the polyene chromophore as was found in the hexaene cryptocidin (band displaced to 1,670 cm-l) (21) . All the components contained free carboxyl and amino groups as zwitterions (1,575 cm-') and C-methyl groups (1,385 cm-'). Bands at 975, 1,005, and 1,620 cm-' were assigned to the unsaturated double bonds of the chromophore as they disappear upon hydrogenation of the polyenes (L. Owens, Ph.D. thesis, Rutgers Univ., New Brunswick, N.J., 1972). Candihexins E and F had a stronger absorption at the trans double-bond band (1,005 cm-l, which probably indicates unsaturated groups in addi- . ; , v s W . . . . . . . x q , . . i ? . . . . . . . . . . . . | w ' 5 '  . . , k : . . < . . . , . . --8 -.  * ' : . , . . 7 i . . . . . . . f . ' . . . . . . . . . . . . . . ' * -. $ . . t S , . , W e < , , S ; S q P , (1) candicidin, (2) candihexin A, (3) candihexin B, (4) candihexin E, (5) candihexin F, and (6) perimycin were hydrolyzed and chromatographed simultaneously. Candicidin and perimycin were used as standards yielding mycosamine and perosamine, respectively. Solvent system III was used. phore seems to be identical in all of them. The presence of a lactone group in the four major components suggests that all of them have a macrolide ring and are not open chain polyketides. The small differences among the components in both UV and infrared spectra appear to be due to methyl and/or hydroxyl substituents in the hydrophilic portion of the macrolide ring and to the presence or absence of amino sugar.
Single components of other polyene macrolides, e.g., tetrins A and B (17, 20) , chainins (18) , the filipin complex (16), mycoticins A and B (28), eurocidins (6) , and dermostatins A and B (19) differ by just a methyl or a hydroxyl group.
Elementary analysis indicated the presence of nitrogen in candihexins E and F, as well as in candihexins A and B, and the infrared zwitterion band (1,575 cm-') suggests a basic nitroge-VOL. 8, 1975 . nous group (nonbasic nitrogen in the tetraene unamycin gives an un-ionized carboxylic acid peak at 1,660 cm-l) (13) . No sugars were found in acid hydrolysates of candihexins E and F. These hydrolysates did, however, give three spots responding to ninhydrin suggesting perhaps the presence of an amino group in the macrolide carbon skeleton. It is interesting to note that an alanine residue has been found in the polyene macrolide mycotrienin (3). Similarly, the hexaene cryptocidin (21) has been reported to contain nitrogen but to give no test for sugars, and the hexaene flavacid and the tetraene unamycin are reported to contain nitrogen but to be nonbasic. To explain the absence of amino sugar in some polyenes, Oroshnik and Mebane (15) Candihexins A and B yield on acid methanolysis a molecule of mycosamine which is glycosidically attached to the macrolactone ring. This amino sugar, identical to that present in candicidin, has been identified as 3-amino-3,6-dideoxy D-mannopyranose (4). By contrast, candihexins E and F did not yield this amino sugar moiety upon hydrolysis. A correlation existed between the antifungal activity of the components and the presence or absence of the mycosamine moiety. Mycosamine-lacking candihexins E and F were inactive while candihexins A and B, having the amino sugar moiety, showed normal polyene macrolide activity. The lack of activity of candihexins E and F against fungi is assumed to reflect a lack of interaction between the polyene macrolide and the sterol receptor of the fungal membrane. Such lack of interaction did not result from differences in the binding ability of the hydrophobic chromophore to the planar rings of the sterol molecules as all the components possess an identical all-trans hexaene chromophore. Rather it reflects differences in the hydrogen binding of the amino group of the mycosamine to the 3-d hydroxyl groups of the sterol molecules. A double hydrophobic and hydrophilic binding, through the chromophore and the polar functions, respectively, has been suggested by Schaffner (23) on the basis of the kinetics of interaction between sterols and polyene macrolides.
Although the lack of either an amino sugar or a neutral sugar in acid hydrolysates of candihexin components E and F strongly suggests a lack of sugar moiety in these components, additional evidence is required since differences have been reported in the ease of scission of the glycoside link in different polyene macrolides (15) .
The two inactive candihexin components E and F were the only intracellular components when no extracellular polyene macrolides remained attached to the producing cell (12) . It was suggested that the mycosamine-lacking intracellular components E and F are intracellular precursors of the active components A and B. It cannot be excluded, however, that they are end products of a branched pathway unable to be glycosylated.
